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ENERGETIC LINEAR TIMING ELEMENT 



BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a timing element, in particular, to an energetic linear 
timing element, such as timing elements used in an initiator, such as a detonator or other explo- 
sive initiating device, for delaying initiation of the explosive output charge in the initiator. 

Related Art 

[0002] A timing element (also known as a fuse) is typically located within an initiator and is 
interposed between a signal transmission input line and an output charge, thereby connecting 
the input line and the output charge in initiation signal communication. Timing elements are 
used to delay the travel of an initiation signal between the signal transmission input line and the 
detonator output charge for a predetermined period of time (the "delay interval" or "burn time") 
that may range from 9 milliseconds ("ms") to 900 ms, typically, 350 ms to 500 ms. Conven- 
tional timing elements include "drawn" timing elements and "rigid" timing elements, both of 
which comprise a pulverulent delay composition disposed within a metal sheath. The pulveru- 
lent delay composition may comprise pyrotechnic material comprising any one or more of the 
following mixtures of fuels and oxidizers: silicon and lead dioxide (Pb0 2 ); silicon and red lead 
oxide (Pb 3 0 4 ); silicon, red lead oxide (Pb 3 0 4 ) and antimony trisulfide (Sb 2 S 3 ); tungsten, potas- 
sium perchlorate (KC10 4 ) and barium chromate (BaCr0 4 ); molybdenum and potassium per- 
chlorate (KC10 4 ); and others, and mixtures thereof. In a conventional drawn timing element, 
the sheath comprises a material such as lead, pewter, aluminum or other suitable ductile metal 
that may readily be deformed by pressure or crimping. Typically, a hollow tube of a soft, mal- 
leable metal such as lead or pewter is filled with a pyrotechnic material, and the filled tube is 
then passed through a series of reducing dies to decrease the diameter of the sheath and com- 
press the pyrotechnic material. The burn rate of the timing element is dependent upon the com- 
position and resulting density of the pyrotechnic material, and on the length of the timing ele- 
ment. In a rigid timing elements, the sheath comprises a hard, non-malleable metal of fixed 
length, e.g., steel or zinc, loaded with pyrotechnic material and, possibly, an organic binder. 
The loaded material is pressed to a fixed height and density to provide a selected bum time. 
[0003] An initiator comprises a shell into which an output charge (or base charge) is deposited. 
The output charge provides the output signal of the initiator. The output charge is generally 
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pressed into the shell, and then other components, optionally including a timing element, are 
pressed into the shell over the base charge. An initiating means, i.e., an input signal line (deto- 
nating cord, fuse cord, shock tube, etc.), is then secured to the shell with a seal to prevent con- 
taminants from entering the shell. Pressing is performed with a pin, the end of which may be 
crowned, pointed or slightly tapered. Initiators include detonators, which provide explosive 
output signals and pyrotechnic initiators, which provide pyrotechnic output signals. 
[0004] A "signal transmission tube" is a hollow plastic (polymer) tube having a reactive mate- 
rial on the interior surface thereof and being suitable for use in transmitting a detonation signal 
through the tube by ignition of the reactive material. The defined term embraces shock tubes of 
the type disclosed in U.S. Patent Nos. 4,328,753 and 4,607,573, which have a coating of pul- 
verulent high brisance explosive material such as PETN (pentaerythrite tetranitrate), RDX 
(cyclotrimemylenelrimtraniine) (also known as Cyclonite or Hexogen), HMX (cyclotetrame- 
mylenetetranitramine) (Homocyclonite or Octogen) or TNT (2,4,6-trinitrotoluene) on the inte- 
rior wall of the tube, and low velocity signal transmission tubes of the type disclosed in U.S. 
Patent No. 5,257,764, which have deflagrating material on the interior surface of the tube. De- 
flagrating materials include silicon/red lead (Si/Pb 3 0 4 ), molybdenum/potassium perchlorate 
(M0/KCIO4), tungsten/potassium perchlorate (W/KCIO4), titanium hydride/potassium perchlo- 
rate (TiH 2 /KC10 4 ) and zirconium/ferric oxide (Zr/Fe 2 0 3 ). Other suitable deflagrating composi- 
tions are boron/red lead (B/Pb 3 0 4 ), titanium/potassium perchlorate (Ti/KC10 4 ), zirco- 
nium/potassium perchlorate (Zr/KC10 4 ), aluminum/potassium perchlorate (A1/KC10 4 ), zirco- 
nium hydride/potassium perchlorate (ZrH 2 /KC10 4 ), manganese/potassium perchlorate 
(Mn/KC10 4 ), and the like. In both kinds of signal transmission tubes, the tube may be formed 
from an extruded synthetic polymeric material such as EAA (ethylene/acrylic acid copolymer), 
EVA (ethylene vinyl acetate) or a SUPXYH™ such as SURLYT-T™ S940, an ionomer resin 
available from E. I. DuPont de Nemours Company, low density polyethylene (LDPE), linear 
low or medium density polyethylene, linear low, medium and high density polyester and poly- 
vinylidene chloride (PVC), and suitable blends or polymer alloys of such materials. 
[0005] U.S. Patent No. 5,681,904 issued October 28, 1997 to Anthony P. Manzara discloses a 
polymer material comprising a glycidyl azide polymer, either as a plasticizer or a polyol, cross- 
linked with a multifunctional acrylate (column 2, line 9 through line 14 and column 3, line 34 
through line 41) or polyisocyanate. The hardness and burning properties of the polymer mate- 
rial are determined by the particular multifunctional acrylate, and amount thereof, which is 
cross-linked with the glycidyl azide polymer (column 8, line 44 through line 65). The polymer 
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material may be used in a wide variety of applications, e.g., as a high energy material, as a 
binder in an explosive material or a rocket propellant, or with a gas-generating material used in 
an air bag apparatus (column 2, line 16 through line 24). 

5 SUMMARY OF THE INVENTION 

[0006] A timing element comprises a delay composition in a sheath, wherein the delay compo- 
sition comprises a reactive polymeric material. According to one aspect of the invention, the 
delay composition may comprise a GAP material, such as a cross-linked GAP acrylic material 
or a cross-linked GAP urethane material. Optionally, the delay composition may further com- 
10 prise a pulverulent oxidizer material. The oxidizer material may comprise about 0.25% to 
about 10% of the delay composition, by weight. 

[0007] In another aspect, the delay composition may comprise a pulverulent fuel, in an amount 
of about 0.25 to about 2%, by weight. 

[0008] In particular embodiments, the sheath may comprise polyacrylonitrile, polybutadiene, 
15 polystyrene, ABS copolymer, polyphenylene oxide, polysulfone, cellulose acetate butyrate, or a 
modified ethylene acrylate polymeric material, or a combination comprising any of the forego- 
ing. 

[00091 A method for making a timing element comprises disposing a curable reactive material 
precursor in a sleeve, and then cross-linking the curable reactive material precursor resin to 

20 form a reactive polymeric material in the sleeve. Optionally, the sleeve comprises a polymeric 
material, the method comprising injecting curable reactive material precursor resin into a sleeve 
under pressure sufficient to expand the diameter of the sleeve by about 0.4% to about 1.2%. 
[0010] The curable reactive material precursor resin may comprise at least about 20% DPEHA 
by weight, e.g., about 20% to about 40%; in a particular embodiment, about 29% by weight. 

25 [0011] An initiator comprises a shell having a closed end and an opening for a signal transmis- 
sion fuse, an output charge in the closed end of the shell, a signal transmission fuse secured in 
the opening, and a timing element in the shell situated to be initiated by the fuse and to initiate 
the output charge, wherein the timing element comprises a reactive polymeric material. Op- 
tionally, the timing element may comprise a reactive polymeric material in a sheath. 

30 [0012] A method for making a delay initiator comprises disposing an output charge in an initia- 
tor shell, depositing a curable reactive material precursor resin into the initiator shell, cross- 
linking the curable reactive material precursor resin in the shell and securing an initiation means 
in the shell in initiating relationship with the delay composition. The initiation means may 
comprise a signal transmission tube such as shock tube, or an electrical initiation element. A 
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method for making a delay initiator comprises disposing an output charge in an initiator shell, 
cooling a timing element comprising a cross-linked reactive polymeric material to a size that 
facilitates insertion of the timing element into the shell, inserting the cooled timing element into 
the shell, securing a fuse line in the shell in initiating relationship with the timing element, and 
5 permitting the timing element to warm to ambient temperature so that it expands to engage the 
interior surface of the shell. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] Figure 1 is a cross-sectional view of one embodiment of a timing element in accordance 
1 0 with the present invention; and 

[0014] Figure 2 is a schematic, cross-sectional side view of a detonator containing a timing 
element in accordance with the present invention. 

DETAILED DESCRIPTION OF THE 
15 INVENTION AND PREFERRED EMBODIMENTS THEREOF 

[0015] A timing element for an initiator described herein comprises a delay composition com- 
prising a reactive polymeric material. Reactive polymeric materials are cross-linked polymeric 
materials that have reactive pendant groups such as azido groups, nitrate groups, triazoline 
groups and/or triazole groups chemically bonded to the polymer backbone, rather than compris- 
20 ing a relatively inert polymeric material or resin having pulverulent reactive material physically 
blended therein. However, a reactive polymeric material may optionally have one or more pul- 
verulent reactive materials physically blended therein, such as an oxidizer additives, e.g., am- 
monium perchlorate and/or ferric oxide. Oxidizer additives are used to increase the rate of 
reaction and the output spark of the polymer material. The timing element serves to delay the 
25 travel of an initiation signal between an input, such as a signal transmission input line, and an 
explosive output charge, for a predetermined period of time, usually about 5 to about 10,000 
milliseconds, e.g., about 9 to about 9600 milliseconds. 

[0016] Some reactive polymeric materials may be obtained from a curable reactive material 
precursor resin by cross-linking resinous (e.g., liquid) azido polymers such as a glycidyl azido 
30 polymer (GAP) resin, which is, as described in U.S. Patent 5,681,904 (which is hereby incorpo- 
rated herein by reference), commercially available in polyol form (having hydroxyl functional 
end groups) or as a plasticizer (non-hydroxylated resin). GAP resins have pendant azido groups 
and may be cross-linked to form reactive polylmeric materials (referred to herein as "GAP ma- 
terials") for use in a timing element. 
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[0017] GAP resins are commercially available as 40% solutions in solvents such as ethyl ace- 
tate or xylene, from which the solvent may be removed by evaporation. Non-cross-linking ad- 
ditives, such as fuel and/or an oxidizer, as described below, may be added. The resin is then 
degassed and then chilled, e.g., to as low as -35°C, for storage. The cross-linking agent is 
5 added shortly before final processing, because the resin may cure quickly once the cross-linking 
agent is added even under ambient conditions. Once the cross-linking agent is added, the resin 
may again be degassed and cooled. It may then be injected into a jacket using a cold high pres- 
sure injector, or into an initiator shell, or it may be extruded and cured into a rod, as described 
further herein. 

10 [0018] The GAP polyol resin may be cross-linked with a cross-linking agent comprising, e.g., a 
polyisocyanate, to react with the hydroxyl end groups, yielding a cross-linked GAP urethane 
material having pendant azido groups. Alternatively, GAP resins (either polyol or plasticizer) 
may be cross-linked with a cross-linking agent comprising multi-functional dipolarophile mole- 
cules such as acrylic esters, acrylic amides, acetylenic esters, acetylenic amides, and/or mix- 

15 tures thereof, which react with the azido groups (and which therefore do not require the polyol 
resin form) to form cross-linked GAP acrylic material having pendant triazoline groups and/or 
triazole groups. The cross-linking agent may be used in amounts of about 10 to about 100 parts 
per hundred (pph) parts of the resin (by weight). Two example cross-Unking agents of this kind 
are pentaerythritol triacrylate (PETA) and/or dipentaerythritol hexaacrylate (DPEHA). The 

20 cross-linking agent DPEHA should be used in an amount of at least about 20% by weight of the 
GAP resin, to ensure reliable ignition under ambient pressure conditions, preferably about 29%, 
for maximum burn rate. Cross-linking occurs under relatively mild conditions, e.g., at ambient 
temperatures. Cross-linking may be initiated or controlled by radiation techniques, e.g., UV 
radiation, electron beam radiation, X-ray, etc. 

25 [0019] Such reactive polymeric materials have been found to be sensitive to initiation by the 
signal emitted by a signal transmission line, e.g., shock tube. Thus, a GAP material may be de- 
scribed as "shock-tube-sensitive", i.e., sensitive to initiation by shock tube. Accordingly, tim- 
ing elements comprising reactive polymeric materials may be used with initiators secured on 
signal transmission lines comprising shock tube or low velocity signal line. Such materials are 

30 themselves capable of initiating an output charge of an initiator. These materials are also less 
susceptible to deactivation by foreign contaminants such as moisture relative to pulverulent 
chemical delay compositions, making the sealing of the initiator less crucial. Some such mate- 
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rials, e.g., GAP material, are non-toxic and do not produce toxic mineral residue when they 
function. 

[0020] Reactive polymeric materials such as GAP material burn significantly more uniformly 
than pulverulent chemical delay compositions. Therefore, timing elements comprising these 
reactive polymeric materials can be manufactured with greater accuracy and uniformity of burn 
time than other chemical timing elements, and they can be formulated to provide a wide range 
of burn rates, although bum rate appears to be more temperature sensitive than the burn rate of 
pulverulent timing compositions and sensitive to changes in pressure in the initiator resulting 
from the release of gaseous combustion products. 

[0021] One way of controlling the effect of pressure changes on burn rate of a reactive poly- 
meric material is to dispose the timing element in a closed system, i.e., in a device in which the 
gas expansion volume is fixed. For example, a timing element in an initiator mounted on one 
end of a signal tube releases gas into the tube, but if the other end of the tube is open, the timing 
element is part of an open system (i.e., open to the release of reaction product gases) and the 
burn rate may vary with the length of the tube and the nature of the open orifice. However, if 
the end of the tube opposite from the timing element (i.e., the input end of the tube) is sealed 
and the tube remains substantially intact, the sealed tube constitutes a "closed" pressure system 
and the burn rate of a timing element therein comprising a reactive polymeric material has been 
found to vary much less with the length of the tube than in an open system. The burn rate of 
GAP material in closed systems also appears to be less temperature sensitive than an open sys- 
tem. There are various ways to initiate a signal in a closed system, including the use of a per- 
cussive initiating fixture secured on the input end of the tube. In some embodiments, a signal 
donor squib or detonator situated against the side of the tube at a position between the ends will 
initiate a signal in the tube without leaving the tube "open", i.e., with open secured ends from 
which gas can easily escape. 

[0022] Alternatively, an open system may be designed to release gases in a predetennined fash- 
ion, to provide a predictable bum time, hi some uses it may therefore be advisable to provide 
an initiator or the shock tube with a gas discharge vent when using these timing elements. 
[0023] GAP material is also able to generate an output that is capable of initiating a standard 
output charge in an initiator, e.g., a GAP material is sufficiently brisant to initiate a base charge 
of a detonator. 

[0024] Reactive polymeric material may be formed into a timing element in various ways. A 
curable precursor resin may extruded, cured and shaped into segments sized for insertion in an 
initiator; the resin may be injected into the initiator and cured therein, or the resin may be in- 
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jected into a sheath and cured therein, and the sheathed material may then be cut into timing 
elements of desired length, as described herein. 

[0025] Optionally, GAP material or other reactive polymeric material may contain pulverulent 
reactive materials that were blended into the GAP resin, including fuels and/or oxidizers. Fuels 
include powdered metals such as titanium, zirconium, tungsten, silicon, magnesium, manga- 
nese, iron, etc., which may be present in amounts of about 0.25 to about 2% by weight of the 
GAP resin. Oxidizers include ferric oxide, ammonium perchlorate, potassium perchlorate, etc., 
which may be present in amounts of about 0.25 to about 10% by weight of the GAP resin. In a 
particular embodiment, a GAP material may contain 1% fuel metal, e.g., titanium, and about 
1% of an oxidizer, e.g., ammonium perchlorate, by weight of the GAP material. Such loading 
of fuel (especially titanium) and/or oxidizer may accelerate the bum rate and increase the bri- 
sance of the GAP material. In addition, the oxidizer may scavenge and oxidize any hydrogen 
cyanide that might be produced when the GAP material reacts. 

[0026] In another aspect of the present invention, the curable reactive material precursor resin 
is extruded into a rod and while being extruded, or soon thereafter, is cured so that it retains its 
shape and achieves a desired burning characteristic and a size suitable for use in an initiator 
shell. The resultant continuous or lengthy rod has a diameter corresponding to the interior of 
the initiator shell or jacket in which it will be used, e.g., it may have a diameter of about 0.0625 
inch (0.16 cm) to about 0.26 inch (about 0.7 cm). In one embodiment, the rod may have a di- 
ameter of 0.260 inch. The rod is then cut into segments to produce timing elements of a desired 
length for a selected burn time. Such rod segments of reactive polymeric material may have a 
length of about 0.25 inch (0.635 cm) to about 4 inches (about 10 cm), optionally about 0.25 
inch (0.635 cm) to about 1.5 inch (about 3.8 cm). In one embodiment, a segment maybe about 
0.25 inch (about 0.635 cm) long. A segment of the rod is then inserted into the shell of an ini- 
tiator containing an output charge therein. 

[0027] Optionally, the rod segments may be sized so that, at ambient temperature, when fully 
cross-linked, it is slightly compressed by the interior surface of the initiator shell. Such a con- 
figuration is advantageous because the timing element will then be held in place by pressure 
and friction on the interior surface of the shell, and it may form a seal with the shell that may 
protect the output charge therein. To facilitate the insertion of the timing element into the shell, 
the timing element may be cooled, e.g., by immersion in liquid nitrogen, so that it contracts to a 
size in which it is easily insertable into the shell. The timing element is then allowed to reach 
thermal equilibrium with the environment and, in so doing, expands to engage the interior sur- 
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face of the initiator shell. Alternatively, the initiator shell may be tapered, to permit easy inser- 
tion of the timing element therein. 

[0028] In one embodiment of the present invention, the timing element comprises the reactive 
■ polymeric material encased within a sheath or outer jacket to provide a jacketed timing element. 
5 In one embodiment, the buter jacket may comprise a polymeric material such as polyethylene. 
Preferably, the outer jacket comprises a material to which the reactive polymeric material will 
adhere. Such materials include polyacrylonitrile, polybutadiene, polystyrene, ABS copolymer, 
polyphenylene oxide, polysulfone, cellulose acetate butyrate, and material sold by LE. Du Pont 
de Nemours and Co. under the trade designation Bynel® 2200, a modified ethylene acrylate 

10 polymeric material, individually or in combination with each other or with other materials. The 
jacket has an outer surface and an inner surface, the inner surface defining a bore that extends 
through the outer jacket. The inside diameter of the outer jacket may range from about 0.045 
inch to 0.200 inch (about 0.1 14 to 0.508 cm), e.g., 0.0625 inch (0.1588 cm). Optionally, the 
interior surface of the jacket may be physically configured to improve the adhesion of the jacket 

15 to the reactive polymeric material. The jacketed reactive polymeric material may be readily cut 
to form individual jacketed timing elements of desired lengths. The outside diameter of the 
outer jacket is selected to conform to the initiator for which the timing element will be utilized. 
In a particular embodiment, the outside diameter of the jacket will be about 0.260 inch (about 
0.66 cm), the inside diameter of a standard detonator. 

20 [0029] In one embodiment, chilled, degassed, uncured reactive polymeric resin is injected into 
a tube comprising the outer jacket material under pressure sufficient to cause the jacket to ex- 
pand slightly before cross-linking is complete. The tube may be formed from, i.e., may com- 
prise, a polymeric material such as polyethylene, or a polymeric material to which the reactive 
polymeric material therein will better adhere. The resin may be injected into a length of tube 

25 that is initially open-ended. When the tube is full, the open end may be crimped closed, and 
continued injection at a pressure of about 1200 to about 1500 psi causes the tube to expand so 
that its diameter increases by about 0.4 to about 1.2 percent, e.g., by about 0.3%. For example, 
a 0.260 inch (0.66 cm) OD tube may expand to as much as about 0.263 inch (about 0.67 cm). 
The resin may then be cured, e.g., by heating the filled tubes at 50°C for two hours. As the 

30 resin shrinks upon cross-linking, the outer jacket shrinks to the originally planned size. The 
filled tube may then be cut into lengths that yield timing elements having selected bum times. 
Each timing element may then be incorporated into an initiator in the same maimer as any other 
timing element, being pressed in place with a flat-aided pin rather than a tapered pin. 
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[0030] Alternatively, uncured reactive material precursor resin may be extruded directly into 
the shell of an explosive initiating device and cross-linked therein to form a solid reactive 
polymeric material. The outside diameter of the polymer material is defined by approximately 
the inside diameter of the explosive initiating device. For example, as a standard detonator has 
5 an inside diameter of about 0.260 inch (about 0.66 cm), the timing element will have an outside 
diameter of about 0.260 inch (about 0.66 cm). After the reactive polymeric material is depos- 
ited into the shell, the signal transmission fuse may then be secured in the shell. 
[0031] Optionally, the shell may be crimped onto the timing element to secure the timing ele- 
ment in place and to provide a seal for the shell. This seal may serve to prevent the contamina- 
10 tion of the base charge by the introduction of contaminants or moisture into the shell, at least 
until the initiator is fully assembled. 

* 

[0032] After the timing element is disposed in the shell, an initiation means such as the end of a 
signal transmission fuse (i.e., shock tube, or the like) or an electrical initiation element such as 
an exploding bridgeware, SCB, etc., may be inserted into the shell and secured therein, e.g., by 

1 5 means of crimping, such that the initiation means is positioned to initiate the timing element. 

[0033] Referring now to Figure 1, there is shown in cross section a jacketed (i.e., sheathed) tim- 
ing element T comprised of a solid core 10 of reactive polymeric material encased within an 
outer jacket 12. Core 10, having an outer surface 10b, comprises a reactive polymeric material 
preferably comprised of a GAP resin cross-linked with a multifunctional acrylate. Any other 

20 suitable reactive polymeric material may be utilized. The reactive polymeric material may fur- 
ther comprise ferric oxide and/or ammonium perchlorate or other suitable oxidizers and propel- 
lants. Outer jacket 12 has an inner surface 12a and an outer surface 12b. The inside diameter 
ID of outer jacket 12 typically may range from 0.045 inch to 0.200 inch, but is preferably 0.07 
inch. Generally, the outside diameter OD of outer jacket 12 is approximately equal to the inside 

25 diameter of an explosive initiation device for which it will be utilized, and therefore may be of 
any suitable size. Core 10 and outer jacket 12 are sandwiched together, that is, inner surface 
12a of outer jacket 12 is in full contact with outer surface 10b of core 10. Optionally, the jack- 
eted timing element may be cooled to facilitate its insertion into the shell of an initiator, as de- 
scribed above. 

30 [0034] Referring now to Figure 2, there is shown a detonator 14 comprised of a conventional 
cylindrical metal shell 16 of substantially constant outside diameter OD and a substantially con- 
stant inside diameter ID. Shell 16 is of a circular cross section and has a closed end 16a and an 
opposite, open end 16b. Open end 16b is secured at crimp 16c to an initiation signal line, 
which in the illustrated embodiment, comprises a shock tube 18. Shock tube 1 8 terminates 
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within shell 16 at end 18a thereof and abuts an isolation member 20 which provides a stand-off 
between the end 18a of shock tube 18 and the reactive materials contained in shell 16. As is 
well known, isolation member 20 serves to inhibit the transfer of static electricity from shock 
tube 18 to the reactive or explosive materials within shell 16. 

* 

5 [0035] Detonator 14 further comprises an energetic linear tuning element 22 having an input 
end 22a and an output end 22b and interposed between isolation member 20 and explosive out- 
put charge 24. Timing element 22 comprises a reactive polymeric material 10* encased within 
an outer jacket 12', as illustrated with respect to timing element T of Fig. 1 . Timing element 22 
is of a composition and length that provides a predetermined time lapse between emission of 
10 the signal from end 18a of shock tube 18 and initiation of explosive output charge 24. The rate 
of reaction of timing element 22 may be about 35 milliseconds per inch (ms/in) to about 1,000 
ms/in (about 13.8 milliseconds per centimeter (ms/cm) to about 394 ms/cm). 
[0036] Explosive output charge 24 comprises a top or primary charge 24a and a base charge 
24b. Primary charge 24a typically comprises a small quantity of a primary explosive material 

* 

15 (e.g., lead azide, diazodinitrophenol, hexanitromannite, lead styphnate, etc.) that is sensitive to 
the signal it receives from the timing element 22, which signal was initiated in response to the 
signal emitted from end 18a of shock tube 18. As is well known in the art, shock tube 18 may 
be initiated by any suitable means, such as a spark generated at the end of shock tube 1 8 oppo- 
site from end 18a, or by a detonator or low-energy detonating cord utilized to initiate the signal 

20 in shock tube 18 from externally thereof. The signal from end 18a of shock tube 18. ignites re- 
active polymeric material 10 1 at input end 22a of timing element 22 and when the reaction 
emerges from output end 22b it initiates primary charge 24a and secondary charge 24b. 
[0037] Base charge 24b typically comprises one or more secondary explosive materials (e.g., 
PETi L> PJDX, HMX, etc). When initiated by shod: tube 1 C, primary charge 24a releases suffi- 

25 cient energy to initiate base charge 24b. The primary charge 24a may be omitted if the base 

charge 24b is sufficiently sensitive to the signal initiated by shock tube 18. Such a base charge 
24b may comprise one or more primary explosive materials or a combination of primary and 
secondary explosive materials. 

[0038] The dimensions and composition of reactive material 10 f determine the delay, normally 
30 measured in milliseconds, e.g., 9 to 9,600 milliseconds, between the signal emerging from end 
18a of shock tube 18 and initiation of explosive output charge 24 by the signal emerging from 
output end 22b of timing element 22. 

[0039] While the invention has been described with reference to specific embodiments thereof, 
it will be appreciated that numerous other variations may be made to the illustrated specific 



WO 2005/005911 



PCT/US2004/0 13340 



-11- 

embodiment which variations nonetheless lie within the spirit and the scope of the invention 
and the appended claims. 
[0040] What is claimed is: 



